A description is given of experimental methods which have been developed for the investigation of infra-red and of Raman spectra at the temperature of liquid nitrogen. The infra-red spectrometer is essentially the PfundBarnes type, but it has been found possible to dispense with the fore-prism and to separate the overlapping orders from the grating by means of filter shutters. The spectrometer is used as a monochromator so that the radia tion only enters the absorption cell after it has been through the diffraction train. The absorption cell has been designed so that it may be used for high as well as low temperatures. The apparatus for the Raman effect is a modifica tion of that introduced by De Hemptinne, being especially suitable for the examination of small quantities of material.
The infra-red spectrometer described here was designed with two main objects in view. The first was the investigation of molecules in the gaseous state, at ordinary temperatures, in order to determine their configuration, dimensions and internal force fields; the second was the study of thin layers of solidified gases at low temperatures, primarily in order to obtain evidence for or against the hypothesis of rotation in the solid state, but more broadly, to study the change in the spectrum which occurs with a change of state and at a transition point. The instrument is limited by the gratings at present available to the range from 1 to' 25/4. It is based on the PfundBarnes (Pfund 1927; Barnes 1930) optical system, but there are several points in plan and technique, of operation which we have developed for our own particular needs.
The plan of the instrument is illustrated in figure 1. The vertical Nernst glower, N, is focused on the entrance slit Sx and the parabolic mirror M % produces a parallel beam which is dispersed by the grating G. Reflected rays falling on are brought to a focus at S2 by a mirror M5, similar [ 484 ] to M2. The plane slotted mirrors Ms and Mi are used so that radiation travels only along the axes of M2 and Mb thus minimizing distortion. By rotating the grating, the wave-length of the light focused on S2 may be varied. The monochromatic radiation from is now made to converge and travel vertically downwards into the absorption cell by mirrors M 6 and M 7; from the cell it is reflected on to M s, focused by M g on to the entrance slit of the thermocouple holder and finally on to the thermocouple by the short focus mirror M 10.
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The mirrors are all aluminized. The aperture ratio of M2 and M5 is 1/5 and their diameters 5 in. Up to the present, four gratings have been employed, having (a) 1200, (6X ) 4800, 4800, (c) 7200 lines to the inch. The first two were ruled for us at the University of Michigan by Professor E. F. Barker, the former on tin and the latter on nickel. The other two are of a different type, for which we are indebted to Professor R. W. Wood of the Johns Hopkins University, Baltimore. These have been ruled on an aluminized glass flat and are much less expensive to make. With these gratings we have covered the spectrum from the visible to about 16 with slit widths of the order of 1 cm.-1, except when working far from the blaze angle of the grating, or in regions of strong atmospheric absorption.
In the first work carried out with the spectrometer (Conn and Sutherland 1939) a fore-prism was always used in front of the entrance slit to produce an initial low dispersion which separated fairly well the radiation under investigation from radiation of higher orders, i.e. shorter wave length. For some of the later work (Lee and Wu 1939) a more convenient filter method has been employed. Though it is very difficult to find filters which are opaque to short waves and yet will transmit in longer wave length regions, it is well known that certain easily obtainable materials will transmit all but a few per cent of the short waves and completely stop the longer waves. The incomplete transmission of the short-wave energy is due to the reflexions at the two surfaces of the filter and may be compensated for by introducing a second shutter (on removing the first) which reflects the same amount of the short-wave energy. Thus in the region of 3-4 f ia Pyrex shutter (A in figure 1) 1 cm. thick used in con junction with a glass cover-slip 0*15 mm. thick was found to be much more efficient than the fore-prism method. A gain in intensity of the order of 100% was achieved since losses due to absorption of the rock salt and to various additional reflexions had been eliminated. Difficulties due to poor dispersion of the rock-salt prism in the region are also obviated. For the region from A-5/i we have used fused silica shutters of 6 and 2 mm. thickness together with a compensating plate of sylvine, and we hope to extend this method to cover the whole range of the instrument using various thicknesses of suitable materials.
Originally, the absorption cell followed the fore-prism in front of the entrance slit S1} but the large amount of energy falling on the solidified gas caused heating and evaporation. In the present arrangement only the radiation of the particular wave-length where the absorption is being measured comes into the absorption cell and so such effects have been minimized. Again, when the fore-prism is used and a selected region of the prism spectrum is focused on S1, the new arrangement has the additional advantage that many of the troublesome effects due to distortion of the slit image, produced in the absorption train, are avoided.
T h e abso r ptio n cell The construction of an absorption cell for gases in the infra-red is simple and obvious and does not invite separate description so long as one is concerned with ordinary temperatures. As soon as we wish to raise or lower the temperature, appreciable difficulties arise. The type we used is shown in figure 2. It was primarily designed for the examination of solid layers at liquid air temperatures but it is equally suitable for gases at moderately high or low temperatures. It consists of a pyrex tube 7 cm. wide into one end of which a flat pyrex plate P has been sealed. This is silvered on the inside, the other end having a wide flange ground flat to take the cell window. The silvering is carried out by sputtering, using a discharge in argon at a suitable low pressure. The cell is inverted over a small brass table supporting insulated electrodes, the cathode consisting of a silver disc about half an inch from the pyrex flat. Apiezon Q compound is pressed round the flange and the cell is evacuated before letting in argon to carry the discharge. Using 3000 V between the electrodes a cathode dark space of about 1 cm. and a current of a few milliamperes, an opaque, highly reflecting mirror is obtained in about 10 min. Earlier attempts to get a good mirror by chemical methods were very unsatisfactory.
Owing to the size of the cell and the difficulty in obtaining large windows of rock salt, the following method was used to fix the window. A brass plate with a hole 4-5 cm. square cut in it is waxed on to the flange. The square rock-salt plate with a side of 5 cm. is then secured to the brass plate, porcenam paint being used to make the joint tight. The reasons for this composite window are {a) that it enables nearly the full aperture of the rock-salt window to be used and (b) that the window can be removed without injury to the rock-salt plate, as only the glass metal join is affected. There are two side limbs, the first to conduct the gas under examination and the second for the leads of a thermocouple which is hard soldered on to a piece of tungsten fused into the surface of the silvered base about 8 mm. from the side.* The advantage of this type of cell is that, being vertical, the lower part may readily be immersed in a constant temperature bath. Up to the present we have only used liquid air as the bath, or else worked with the cell at ordinary temperatures. In the former case, we have occasionally experienced trouble from the condensation of water vapour on the rock-salt window, but this has been overcome by having a small heating coil wrapped around the cell, just below the flange. In order to obtain * cell out5 readings for the estimation of percentage absorption, an additional plane mirror Mn is swung into the path of the beam. This mirror reflects the radiation on to an adjustable vertical mirror Mn , which returns it to the inclined mirror and into the original path of the beam from the cell. If desired, a compensating plate of the same material as that used for the cell window may be put in at The fact that this arrangement requires one window (or two at most) as against two (or four) of the conventional absorption train, is important, as such windows are expensive. The mirror of the primary galvanometer, whose deflexion we wish to measure, is
M. An image of the lamp filament F is focused by lenses Lx, L2 on to M and an image of the grid is produced on a second grid . The bars and slots of G1 are each 2 mm. wide and 4 cm. long and there are twelve slots altogether. G2 is identical with Gx except that the middle bar is made 4 mm. wide. If, when the image of Gx is superposed on G2 one-half of the spaces coincide, so that light passes through one-half of then the other half of G2 will transmit no light. A biprism behind G2 separates the light from the two halves and the lens L3 focuses the two beams on to two photo-cells Px, P2,connected in series and The output of these cells is fed into a galvanometer of moderate sensitivity (10-8 amp./mm. at 1 m.). The amplification produced can be conveniently varied over a range wide enough for our purpose by altering the intensity of the light source by a variable resistance in series with it. We normally use an amplification of about 400, which would give a zero variation due to Brownian motion of the order of 5 mm. if the primary galvanometer were used critically damped. It has been found less arduous, however, to use the primary galvanometer rather over-damped by increasing the magnetic field. Although this increases the time of swing, there is a gain in both sensitivity and steadiness which amply compensates for this slight disadvantage. The linearity of the amplifier was carefully tested and found to be satisfactory as long as one was working inside the middle two-thirds of the total throw of the secondary galvanometer caused by one grid division deflexion of the primary galvanometer. The grid G2 was mounted with a horizontal motion controlled by a fine pitch screw for adjustment of the ' zero position ' of the secondary galvanometer spot so that deflexions always lay in this linear range. Because of the high sensitivity of this system to stray electrical and thermal disturbances F F ig ure 3. Photoelectric amplifier.
great care was taken to shield it from such effects. In this connexion it was found to be extremely helpful to insert a window W over the slit at the entrance to the thermocouple housing. When working in the region the shutter consisted of a very thin piece of fused silica while for longer wave-lengths thin fluorite or rock-salt plates were employed. By this means all stray radiation of wave-length longer than that passed by the shutter was excluded from the thermocouple. Since the maximum of ordinary temperature, radiation is in the neighbourhood of this was most effective for wave-lengths up to about but even for longer wave lengths it was helpful, particularly in excluding draughts. All of the apparatus (except the absorption cell) was enclosed in celotex boarding.
Calibration
The instrument was calibrated by plotting the 3-4 fundamental absorption band of hydrochloric acid gas. This has been very carefully recorded by Levin and Meyer (Levin and Meyer 1929) and affords the nearest approach to an absolute wave-length standard for this region of the infra-red. Three different gratings had to be calibrated, viz. a grating with 7200 lines to the inch used for wave-lengths of 3-6/^ and under, a grating with 4800 lines to the inch used between 3-5 and 6/1 and a grating with 1200 lines to the inch used for all wave-lengths greater than 6 For the two finer gratings the absorption of the HC1 was directly plotted using a sufficiently narrow slit to separate the isotopic doublets. The values found for the grating constant k in the equation A = sin 6 were and 6-7900 ± 0-0004 for the 4800 and the 7200 gratings respectively. It will be noticed that the relation 4800 = 1^7200 5 is not exactly'fulfilled. This is due to a slight curvature of the 7200 grating which necessitated a small adjustment in the position of the mirror M5 when this grating was inserted. The value of k for the 1200 grating was found from the relation^1 200 = 4& 4800 • It should be added th at in the first equation A is given in fi and 6 is the angle between the zero position of the grating (corresponding to specular reflexion) and the position which puts the desired wave-length A on the exit slit. W ith regard to the performance of the instrum ent it may be stated that slit widths corresponding to about 1 cm.-1 can be used everywhere except in the regions of very strong atmospheric absorption. In the work reported in the following paper on HC1 we actually kept everything at liquid nitrogen temperature. The HC1 was condensed first as a liquid and subsequently solidified. This was found to be necessary in order to get a satisfactory mass of scattering material. To be certain of its being always at liquid nitrogen temperatures, the HC1 was contained in a small observation tube which was put inside A, the latter also being well filled with liquid nitrogen. The scattered light was reflected into the spectrograph by means of a right-angle prism. Several stops were used to ensure that the minimum amount of reflected light entered the slit. The spectrograph employed was the Hilger E 439 instrument having an aperture //3. The plates were Agfa Isopan I.S.S. which were rapid, free from halation and sufficiently fine-grained. The mercury arc used was a Hanovia 150 W lamp with oxide coated electrodes. It gave a few weak lines in addition to the mercury lines but these were not troublesome. It was placed at one focus of an elliptical mirror and the Raman observation tube at the other. The wave-lengths of the Raman lines were determined by a Hartmann interpolation formula and also checked against standard iron arc lines. The frequencies recorded cannot be in error by more than 5 cm.-1. 
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Investigations on the vibration spectra of certain condensed gases at the temperature of liquid nitrogen II. The infra-red and Raman spectra of hydroand deuterochloric acid at liquid nitrogen temperatures The doublet band observed by Hettner has been resolved into two separate bands with maxima at 2701 and 2744 cm.-1 and indications of a third band were obtained. Some fine structure very different from that reported by Shearin was observed on each of the two bands which were unsymmetrical in shape, being steeper on the low frequency side. The Raman spectrum was obtained at the same temperature and also showed a doublet structure in contrast to earlier observations at higher temperatures which had given only a single line. The maxima of the Raman lines lay at 2709 and 2759 cm.-1. The explanation of this doubling is to be sought in the maimer in which the hydrochloric acid molecules associate in the solid state, since the alteration in the fundamental frequency from that found in the gaseous state shows that strong interaction must exist. The absorption due to the fundamental frequency of deuterochloric acid was observed under the same conditions. Vol. 176. A.
